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PYhiT Iie ke Luarge Laiboratory-3cale ireparation of
wChnloro=o-nitroacetophonene (o= 1tro-CH)

by

Aaetie Pord-doors, LeJ, Lemit and G.W, Woud

Full axgorimental detas.a are givon for the preparetion of a~Chlore-
mwnd troficntuphenone oo a largs laboratery-sodic.  The method doscribed 48
basod on o-mitrotolusne and avoids the dangrrows Jdistiliaticn of the inter—
moadinte s=ndtrcbenzoyl ~hicride. It gives a final proaust of high purity
tn yielda of 1bout %% bass. on the atarting materdal.

{8yu)e L.T.D. Willinns,

Mok, Chertiatry Sectinn,
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(Bed)e  EHa.n. Yorren,
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DB PHEPARATION OF RDNC-SUBSTITUTED o-CHIOROLCETORHENONES
ART The large Laborstory~Soale Preparetion of

g ~Chloro-o—nitroacetorhenons {o-Nitro-CH)
by
As}{, Pord-doore, L.J. Lermit and G.W. Wood

introduwotion

1. ~ «Chloro-o-nitroasetophenone {o=Nitro-CN; T.732; (1)), although
less powerful than ~-chlorcacetophencre (ON) as a lnchrymator, has agress-
ive and irritant propertios so marked that it is & most wnluable agent for
tosting the fit of respirmtor facepieces wherv a really acourate fit is

essential,

The amell acale proparstion of the fomer substanoe wan describod
rocontly in o korton Technical yapor (1). This method wns based on the
symthosis of c-nitrcasetcphencns as described in Organic Syntheses (2).
The method sonsisted in reacting the magnesium salt of diethyl malonate
with o-nitro-bengoyl chloride and hydrolysing the diethyl o-nitrobenzoyl-~
malonate 30 obtained,

Thas methol was found o heve mony advontages over thoae alroeady
desoribed {3). The yield was very gool and the purity of the product
exoeiient, The latier point was of partiowar importanse since the nm-
and p~isamors on chlorinaticn gave substances sc inferior in aggressive
propertieos as o be valueleas as fitiing agents,

Although one of tho authors of the present rejcrt (a.H, Pord-icore)
foune re JiffMoulty in creparing o-nitrobonzoyl shioride from o-nitro-
ongeie acid and alse in ddstilling the product undar rewuced pressure, a
firm thet bad unlertaken the prepamtion of 1 Kgo of T.732 exparienced two
suoh diseatrous explosions that they abandoned the project.

A YESLt %o the fim in sstion falled todieit the onuse of these
sxpoosicns with any certainty, but it sroaned olear that the nothods adoptod,
and alsc posaidly the purity »f the >-nitrobmuzclie acid used, might have
honrn contridbutory Metorm,
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Singe Portonhad had same considerable experience in the preparstion
of this substoncs, it sms docided to prepare o quantity of it, using mater-
ials of wequivocal purity. 4s it soums possible that there may be a damend
for this substance in the near future, camprohénsive directions for its prep-
aration ars giwm in the Appondix.

2. The w/ on og o—ﬂit;gg_cgggi.c anid

It uendum;& p@ﬂhthla that the risk of acoident in the preparation
of o-nitrobenzoyl chicride might be ninimised, or even sliminated, by the
use of a really high grade of o-nitrobenzcic acid. This is best obtainesd by
the oxidation of pure o-rdtretoluene with potassium pemmanganate, The
former substance can bo purchasad in a high state of purity and was distilled
wler reducsel pressure through a helix-pecked coluen before use, When o—
mitrotolusne is ad.ed to a boiling solution of potasaium pemanganate, a very
pure sample of the acid is obtained after cne crystallisation from water, ‘
But thias method has the drowback that the volume of the reaction proiuoct after ‘
Ciltering the manganess &ioxide formed (on. L litres) is very largs compsred
with the yicld of aoid (ca. 110 g ). Sinow the lattsr has a very appreoiabls
solubility in ocld water, the volume has to be reducsd to oa, 800 co. before
isciating the acid bty acicdifioation.

Tho exhaustive atudies of Bigalov {4) on the oxilation of the thres
nitrotolusnes showed that in the onsc of the o-isamer, the maxisum yield
Sspendod on various faotors, the most important points being: (i) the
resctants should be in tho highest convenient dilution, since innreasing
ounoentretion favoured not only the decampositisn of unreacted permonganate .
but alsc the destructive oxidation of the acid fomed; (41) the presence
of & mall amount of fres alinli at the start of the reastion has & marked
accelerating offect on tho spoe. of the oxidation; (iii) the optimm propor-
tion of pormangnnate is about 10K exocss of that domanded by theory. 4
greator axcess fonded to deatroy the acid by further oxidation as fast as it
was fomed fram the nitrotoluens, Por the sane reason, it is particularly
important to sdd the oxidising ngent to the nitrotoluene sc as to avoid
further oxidation of the acid by the pemanganate when the reverse order of
addition was followed,

{3} and (44) bave received ample confirmation in this laboratory.
In an attapt to reduse the tulk of the resction aixture, the amount of
water taken was halved, As 2 reosult, a narked fulling off in the yiald of
s0ld wus notined, loveover, whem the oxidation was onrried out in the *
presenne of nagnesiun sulphats {30 a8 tc maintain neutrality during the
oxidation), poorer yields were again obtainsd.

aocrdingly, an sltermative mothod, based on that of Redwor and Gate-
wood (5), was worksd ocut, Certain nadifioations were introduced so that it
oould B scalsd wp sewmfold and also run on 3 sami-continuous basis, The
slightly lowsr yislds (76( as agninst 85 ~ 90K claimed by Reimer and Gate~
wocd) were more than oampenssted by the saving of tinme, labour and laboratory
SATVio s,

Broally speaking, 1t consisted of ax!...tng soclid permanganate to a
stirred, boiling wwpensdon of nitretoluen: in wery dilute sodium hydroxide

3
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solation, At the md of the redotion, the mangsneses dioxide and unreacted
mitrotoluene settled to the botiam of the reaction vessel in the form of a
campact sludge and the clear alkrline scluiion of the nitrobenscdc acid was

dooantod, The sludge was filtored, the wreacted nitrotoluens separated b
for use in & subsoguent run and the aqueous portion adisd to that
docanted, The manganoss dioxide was than wgshed, the washings being used
to provide the necossary &lkaii apd part of the water in a subssquent run.

The main aquocus porticn was than fed into an ovaporator for caven~-
tration and finally asidified with ocmoentrated hydrochloric mcid, After
standing in an ioe box overnight, the nitrobensoio acid was filtered and
reorystallised from bolling water. Although the finished produot was not
quits so pure as that obtained in Msthod (1) (appendix), it was quite pure
encugh for conversion to the soid chloride, Rurthermore, the tedicus
recovery of the unreasted nitrotolume is avoided,

3s  Ihe Preperation of o-idtrcbemsoyl Chlorids

Using o-nitrobenzole acid prepared as Cesoribed in the previous
paragraph, no trouble wes oxperisnced in preparing the chloride, though it
was oonsidered advisable to distil the thionyl ohlorids used through a helix-
paoked oolumm, Por a prepareation on a three-molar soals, the reaction was
oarrisd out in dry bensann, diluent and excess of thicnyl chloride being
repoved tnder diminished pressure at the end of the resction. It was found
unnecessnry to distil the nitrobensoyl chloride since it solidifisd completely
at the end of the cieraticn,

annaRd ik B SRR

be of o=Nitronoe apd T

Thess two strges of the synthesis oall for no coment. It is suffio-
isnt to say that, in the preparation of the {ommer, a three-molsr run van be
ourried out without diffioulty. ZIZven when the undistilled chlorilde was used,
the nitroscotophencne orystallised oarpletely in the reosiver on veaouwm die~
tillation, Its melting polmt showed thet it was in a very high state of
purity. The fim) chlorimation to 7,732 whs carried out as described in the
relevant fortan Technioal Papar (1).

The train of opsretions from c-nitrotoluens to T.732 (I) is as
follows: H
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(ne1)
N,
Surpary

Se The preparation of T.732 en s large laboratory scals presents no
difficulty, The following points may be noted: (i) o-nitrcbenzois acid
of a high degree of purity is essential, When this ia assured, no further
troubls is experiznced. Material of this purity may be obtained by the
parmanganate oxldation of o-nitrotoluens, fellowsd by cne ~rystallisation
fron water,

Yhor acid of high purity ia used, the anid chloride, obtained by
the aoticn of redistilled thionyl chlorida in bemsene, dots not require
aistiliation.

Using the magnealumemalonio aster synthesis, the o~-nitroacetophencne
is obtained in a high state of purity, oven though the aocid chloride is
used without distillation.

1f the experimental conditiwns dosoribed in this repart are adhered
to, there is no risk of explosicrs during the preparation.
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1, ooftisrcbenacio Aoid
Method ()

. Potasstum permengarate (512 g.) and water {4 1.) 2= zlaced in »
6~1i%re Mmgm fisak fitted with a M M.nh: steal slirrer,

mmmm(,noge 1) and & _3roiy furnel carrying o-nitietclums
(redistillied, b,p. 63 ~ 64°/3 mu; 1.5450; 176 go = 160 00.)s Tho
stirrer is started sud the mdxture hested 1o boiling ovex a ring brumer anl
s Whan boiling, about 20 oo. of the nitrotoluens are irtroduoed.
the vigorous oxidation sets in, the bumsr is extinguizhed and ths
“the nitrotolumns rum in at suoh & rate that :apid bodiling io main-
tained. When the sddition is camplete, the burner is relit and the mixture
refluxed, with scattmued stixring, ti11 the permangsnate is used up (Note 2).
This regquires about 1 bour.

b
h

i
&

The oondenser is then set for distillation, the dropping ftunml re-
placed by & stewn inlet and wuwesoted nltrotoluome removed by stomm distil)-
stion (Note 3), 4bout 50 -~ 60 oo, are recovered, After ocolin;, the mixiure
is filtered, using a large siaterod~glsss fuonsl and a 10 litre filter Clssk,
he manganese dioxids on the filter is well pressed down and wa.hied with 1
litre of hot water,

The filtrate 4 then concentruted to os. 800 oo, by diatillatior from
& steus buth with the aid of a water pump, & 2-1litre distilling flask is

of & sighon tube and stopoook, The residue, after filtering 1. necessary,
(41.18; 40O o6.) an! abiul
of ioe oubes, The precipitated acid is filtered and war.el with
shout 250 oo. of ocold water., The wet product (Note L) is recrystalliised
: r (os. 700 00,). After coaling in the ioe-boa overmnight,
he pure aoid 4s filtered and dried in & stewm oven, The yield is 85 - 96 g,
69 - 7ifk, based on the nitrotolueme used up (Hote 5)), m.pe 143 ~ 1499,

1. To avoid choking during the vigorous maction, the caniomnoser should
te of wide bore, preferably of the Joudble intermal oodd type.

2 This may be dotermined by withdrewing a drop of reactior mixturs wity
& glase rod and spotting a pisce of filter paper, Absence of a;y trwas of

pink on the perimoter of the black spot indioates that the rexotion is oom-
plote, ’

3. In arder t0 facilitate ths remowal of the nitrotolume Ny stows dis-
tilation, the reacilisn flask shoold be hestod, It is essentisl that stir-
ring is paintained throughcut sz, without this, the viclent “mxping caused
by the mnganses dioxide may odaily laad $o the fracture of the flask.
RESTRICTED
‘5“
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&  The precipitated acid retains a considereble quantity of water
zchanionlly, Tt ix minkest & reorystallise without drying, Ths mother
liquor frap the orystallisstion sbvuld be used from orystallising subsaquent
batohss sivce o-uitrobenscio acid is appreciadly soluble in wold matar,

5 Rooncvered onitrotoluens may be used in subsequent runs,

ethod (41)

o-fitrctoluene (274 5.3 236 oc.; 2 moles), sodium hydroxide (20 g.;
0.5 mols) and water (2.5 litres) are mixed in a S5-litre 3-necked flask fit-
tsd with an effictent stirrer and a long wide-bore reflux oondenser (approx-
fmately 30" x 1* inside 2immeter)., Tho suspension is stirred and heated to
boiling. The scuree of heat (Hote 1) is then reduced and solid potassium
peroengamate {695 £.; 2.2 mcles) introdiuced in portions down the condenser,
with the ococasisnal ssaistamne of & glass yod in the évent of ologging, as
rapidly as is consistont with the effective reflux control of the resotion,
& smmll, constant mipply of heat is saintainsd throughout to snsure that the
taperstize of the mixture doss not fall below beiling point (Note 2), When
the last of ths perangrinate has campletely reacted, stirring znl heating
are disoontinued and the mixtu-e sliowed to cocl, The panganesc dloxide
and wnreastad nitrotolusns settle out sleaniy and mpidly as s cistinct
lower liyer frem which the bulk of the oleapr allaline of nitrobenzoic acid
is doosntod. This in fod into an swmporetor and corventreted on 1 stven
bath wnder reduced pressure t111 the acourmlsted salits begin to mystallise,

The slwlge of nanguwse ddoxide snd nitrotolusns 1s Ciltered anc the
filter oake washed with hut water, the wushings being kepi scpurate {'rom
the madn filtreis, Unreactsd nitrotoluane is renoved from the filtrate mnd
fros the washings (Note 3), the 7iitrate being riced to the main bulk of
the alkxline nitrobengosty solutions and the washings beiny used to supply
the nscessury alkall and part of the watar in o subsequent run,

The conpentrated alkaline nitrobenzoate scviution iz then apicified
to Oango Red with hydrochloris ascid { @ 1.18) (Note 4) =ni, after stenliing
overndght in sn ios box, the nitrobonzoin soid filteswd and washsd noe
with oold ster. It was orystallised from boiling wmter i, after drying
at 470°%, melted at 342%, It was ufficiently pure for conversion fo the
neid chloride, ALl filtrates are cambined and worked up by soncent:ation
undsr recuced pressure, The average yileld f1om eash of aix suoh s is
195 g (768 based un the rdtrctoluens sotunlly consumed)

XTES
iy & ring burner Al an ssbestos-gpuae mat was used; provided that
sontinamis and sfficiont stirring is maintained throughout the periocd of

heating, thers is ne risk of trauble being causod by the oaldng of the
manganese Sioxide on the dotian of the flask,

- Omoe startsd, any sericous delay or imterruption fn the additior or
the pemmarganate, rescdting in coeling shd sibseguent re-heating to meilux
tenperatura, causes & arbked decrecan in the yield of produnt,

- § -
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5 Fie 3 The umhanged mtrotoluene thus récovered is in a state of pu.r:l.‘l'v

oy 'sﬁ'ffj.qient:lg/ hlgh for use. without further purif:.cation in subsequent“
i, . The av’era.ge -recovery for six rurs ‘is 64 r-3 (55 co.) per runs

be Hydrochloric acid is better than 50% sulphuric acid,’  In 1ater ‘TUNs,

~the accumulation of the relatively. spa.r:.ngly scluble potassium sulphate was
"~ “such that’ it tend.ed to orystallise out in preference to the nitrobenzoic
’f"‘jr,_iac:l.d. The greater solub:.l:.ty of potassiun chloride obmtes this difficulty.

*

o*Nitrbben.zb 1,,.§hlorif}a

Rﬂd:.stilled thioryl ch.lor:.de (300 co.) is a.dd.ed m.th gentle. sw;u:'hng

- to a mixture of Ary o-zitrobenzoic acid (471 g.) in dry benzeme (1350 co.)

(Note 1) contained iv a 3 litre round flask, The flask was then fitted

with a reflux conderser protected with a ealcium chloride guard tube and
the mixture heated to gentle refluxing in an cil bath for 2 hours. Copious
quantitiex of sulphur dioxide and hydrogen chloride are at first evolved
but after about 90 minutes these have practieally ceased. The ocondenser

- was then set for distillation and the benzene and excess thionyl chloride
_recovered under somewhat reduced pressure, care bezing taken to keep the
* temperature of the oil bath below 85° (Note 2), The last traces of thionyl

chloride are removed in vacuo, small quantities of dry benzene (4 x 50 ocs.)
being used as an entrainer., The oily residue after heating on an oil bath
(temperature below 85 ) at 0.1 mm, for 2 hours is allowed.to stend in a
stoppered f£lask in a cool placé overn:Lght. It then set to a mass of small
crystals, msp. 23% TYield 504 g. (98.5% on the o-nitrobenzoic acid).

NCTES

1. The use of benzene as a diluent serves to moderate the ‘violence of
the reaction and ensures that the reaction temperature does not rise above
859,

26 o-Nitrobenzoyl chloride should not be heated above 4 00° as, sbove
this temperature it has been known to decampose explosively. (6), (7).

" 3. o-Nitroacetophenons -

with two reflux condensers of‘ 1arge capa.cn.ty, an eff‘.w:.ent st:.rrer a.nd a
dropping fummel, The whole apparatus should be dried in a warm oven over-
night and was protected from atnospher:.c mmsture with caloium chloride

‘guard tubes.

Clean, dry megnesium (75 g.), _an_.hxd_;_o_tls ethanol (72 coe) carbon
tetrachloride (dried over phosphorus pentoxice) (4s5 cc,) and a trace of

. iodine dissolved in sodium-dried ether are placed in the flask, It is

warmad cauticusly till a vigorous exothemic reaction sets in, during

‘wh:.oh rodiun dried ether (2205 cc.) is added and- the flask heated on a

warm water beth so that the ether refluxes quietly. To the rapadly stirred
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mmuMamdmmogzlm(wg;mjm.),
ethancl (292.5 oo.) and dry ether (360 00.), the addition taking
» !f:_u-, The heating was contimued for 3 hours, by whioh time all the

magnssivs haa disscived anl & light gFor solution obtained, Stivring is main-
tadned throughout the cperstion. :

o-fitrobensayl chloride (504 g.) in dry ether (600 0o.) is then added
over & poriod of 15 minutes to the rap dly stirred sclution, Towerds the end
of the udiition, ithe reaction mixture bicamsa green and a stisky solid sepax-
ates out, Stirring beoames very difficilt amd at the end of the addition had
ceasody- Aftor cooling t0 room temporature, &.00ld solution of concentrated

soid (202.5 oc.) in weter (2025 oo,) 4is added slowly. The reaction

mirture iz stirred for 0.5 hour by which time it had formed two la The
sther layor is separated and the wator layer extracted with ether (3 x 400 oo.).
The sther from the caobined ether laycrs is recovered by distillation fram a
steam bath, the syrupy residue troated with a mixture of glacial soetio acid
(500 o00.), soncantrated sulpmrio acia (113.6 0o.) and water (585 co.) and
the whole heatod undsr gontls refiux for 4.5 hours., The reaotion mixture is
oocled, firmlly in los, and made alkaline with 208 aqueous dobum
(Bote ). The resuliing mixture ' extracted with ether until it no longer
smwlls of the produst, the ether extruots cambined, dried with anhyirous
magnosiun sulphats and the ether removed on A steem bath, The dark residue
ia purified by aistillation under rewsad pressure from a Kon flask fitted
with a 14" Lapworth column, The yis’d of pure osnitroasetophencne, bep. 104 -
106%, s, 48 377 g (76.5% based on the o-nitrobensaic 8cid or 58% based on
' % mt:tolm « It has the follswing physiocal oonstants; f.p. 259
: 14547

NOTR -

—

The use of a large excess cf sodium hydroxide ahould be avoided as
this sappears to bring sbout same do-camposition.

be  2hlorvmo-pityoscstophenone

& soluticn of chlorine is prepared by passing the gas through a
sutersi glass distritutor into a wxture of glacial mcetio acid (450 oc.)
apd hydrochlorio actd (d. 1.18; 50 oc.) until saturated. This takes about
2 hours, Tha strength of this sclition is dstermined by sdding an aliquot
portion to an exoess of potassiun 1odide and estimmting the liberated fodine
with sodium thissulphato,

¢ o-Ritronoetophonone (5 g.) in glacial noetic acid (50 cc.) is adied
i o an sppropricte snowt of ohtaris-egetio acid-nydrochloric acid mixture
(= 1.1 mole of tho latter) ssl the mixture allowed to stand in & fums oup~
board &t roon tmperature, The tegeraturs of the mixture greduslly rises
and Tmily veschas M after 2 houre, by whioh time the yellow colour of
the ohloriw scluticn s disappeared. The mixtare 1s then ocnoentrated in

of A vieam DAth 1o give A oloaxr myrup. This is digested with sm
%(b.p. M - 60°), ooaled to 0° anl filtersd. The yisld of product is
62 %0y Mupe 57 - 61° (Kot ),

BEIRRICTRD
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A purer product may be obtained (m.p. 64 - 65%) by o
frow methanol, followed by strong cocling. This is attended by somo loss
and the unpurified product is good enocugh for most purposes,
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